Abstract-An accurate and fast integral formulation using vector potential for magnetic flux computation is discussed and applied to the analysis of inductive power transfer system. Based on the volume integral method, this formulation is much more efficient in the study of electromagnetic devices. Both experimental measurements and finite element analysis results and are conducted to verify the performance of this formulation for flux computation.
I. INTRODUCTION
Operating on the principle of electromagnetic induction, inductive power transfer (IPT) has become a popular technology to achieve contactless power transmission. And it has been gradually employed in higher power transmission applications such as electric vehicle on-line charging [1] . Fig. 1 illustrates a typical "EE-type" coupler applied in the mobile IPT system. In the system design and optimization, it is essential to evaluate the mutual inductance of the coupler. Theoretically, inductances can be derived from the magnetic flux in coils. An integral formulation based on volume integral method (VIM) with edge elements is proposed in [2] for solving electromagnetic problems. Such method allows determining the vector potential in magnetic regions without discretizing the inactive region. This paper tends to present an application of VIM in magnetic flux computation.
II. FLUX COMPUTATION
Basically, the magnetic flux through a coil region Ω c can be calculated by the magnetic vector potential, as
For a problem contained both coil regions and nonconducting magnetic regions Ω m , the magnetic vector A can be separated in two therms, as A = A c + A m , where A c and A m are respectively generated by coils and the magnetic regions. Therefore, the contribution of total flux through a coil is represented by
The first part of magnetic flux Φ c k , which is induced by all coil regions in vacuum, can be calculated as The term (3) can be computed with a coarse mesh of coils according to the analytical integration for the Green Kernel [3] . Besides, the term Φ m k contributed by ferromagnetic cores, can be expressed through an integral over the magnetic regions as
where M means the magnetization field in magnetic regions Ω m , which can be easily obtained by the vector potential solution on the mesh of ferromagnetic cores; and h 0 k represents the field generated by the coil k with 1 A. Fig. 2 presents the mutual-inductance calculation results in function of vertical distance. All the results are in good agreement with experimental measurements. Moreover, the comparison to FEA software shows a difference less than 2% in the operation zone and a drastic reduction of convergence mesh number. In conclusion, this integral formulation for the magnetic flux computation with VIM solution can serve as an effective method in the study of electromagnetic devices, especially for applications with a predominant air region.
III. APPLICATION IN IPT SYSTEM

